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1
Abstract. In this paper the method of the relativistically-invariant effective tensor 
representation of Lagrangian decomposition and the amplitudes of the two-photon interaction 
with hadrons on photon energy is proposed. In the frames Duffin-Kemmer-Petiau formalism 
based on this method the spin polarizabilities of the spin 1 particles, which are characteristic for 
the spin 1/2 hadrons were established. Also the authors have obtained the new spin 
polarizabilities which are characteristic for spin 1 particles and are bounded with the presence of 
the tensor polarizabilities of these particles. It was shown that in the suggested covariant 
approach with regard to the crossing symmetry, the spatial parity, conservation laws and gauge 
invariance definite spin polarizabilities and gyrations of spin-1 particles contribute to the 
expansion of Compton scattering amplitude, starting from the corresponding orders on photon 
energy that is in the agreement with low-energy theorems for that process. 
Keywords: polarizability, Lagrangian, Compton scattering.  
PACS: 11.10.Ef. 
Introduction 
 
On the basis of the low-energy theorems [1, 2] electromagnetic 
characteristics of nucleon - spin polarizabilities were established, which reflect the 
structural properties of the electromagnetic field interaction with these hadrons at 
low energies. The polarizabilities of hadrons have recently received much attention 
[1-10]. With the purpose of their experimental and theoretical study a fairly broad 
class of electrodynamic two-photon processes is used. 
It was found that along with the dipole polarizabilities the interaction of 
electromagnetic field with hadrons can be determined also by the spin 
polarizabilities [1, 2]. 
With the development of of the standard model of the electroweak 
interactions recently new electromagnetic characteristics associated with non-
conservation of parity [11, 12] similar to gyration [13] have been introduced. 
To perfect the methods of improving the accuracy of measurement of 
polarizabilities, gyration and fitting the experimental data on the Compton 
scattering on hadrons at low and medium energies there is a need of a relativistic 
field-theoretical determination of the contributions of these characteristics in 
amplitude and cross section of electrodynamic processes [14-16]. 
For this purpose in this paper we propose a method of effective relativistic 
invariant tensor representation of Lagrangian decomposition and the amplitudes of 
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the two-photon interaction with hadrons on the photon energy [17-21]. As part of 
the proposed method and using the Duffin-Kemmer-Petiau formalism the new  
spin polarizabilities of of the spin 1 particles, which are determined  by the tensor 
polarizability. 
Also were obtained the characteristics of the spin 1 particles bounded with 
parity violation. 
 
Effective Lagrangian and Compton scattering amplitude in the formalism 
of the Duffin-Kemmer-Petiau considering spin polarizabilities. 
 
We define relativistic invariant spin structures of the effective Lagrangian and 
Compton scattering amplitude on a particle of spin one in the formalism of the 
Duffin-Kemmer-Petiau (DKP) following [20-21]. 
DKP equation for a free particle of spin one has the form [22]: 
 
                                                       (1) 
                                                        (2) 
where      and              - are ten-particle functions,       
    
 
 
  , 
the arrows over derivatives    indicate the direction of their actions and four-
dimensional vector is determined by the components            . In the equations 
(1) and (2)    are ten-dimensional matrices of DKP, which satisfy the 
commutation relations: 
 
                           
 
Effective Lagrangian of the interaction of electromagnetic fields with spin one 
particle considering polarizabilities within field-theoretical covariant approach has 
the form [17, 20]: 
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where              
In the definition of the Lagrangian (3)     tensor is expressed through 
polarizabilities and gyrations as follows: 
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In the definitions (4) and (5)   and   are the scalar dipole electric and 
magnetic polarizabilities,    and    are the tensor polarizabilities,         and 
            are the spin polarizabilities and    and    are the electrical and 
magnetic gyrations. 
In order to establish the crossing symmetry influence on the contributions of 
the spin polarizabilities and gyrations in Compton scattering amplitude in the 
dipole representation we define tensors in (4) following [20]: 
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The derivatives in (7-8) are effective only on the electromagnetic field tensors 
 
               
 
Tensors         and         , as well as             
 
         and  
 
        are 
presented as follows: 
 
              
 
                            
 
                     
 
   
 
          
   
  
          
 
                
 
   
 
 
In equations  is used the definition of covariant spin vector, which is expressed 
through matrices    according to [22]: 
 
     
 
  
       
         
where                   All the derivatives and operators contained in 
equations, effect on the wave functions   and     
Similarly the tensor (5) is defined, if to enter the constant             and    
in (6) – (7), as well as to make the change 
 
        , 
where 
     
 
 
          
 
and instead of tensor            we should enter 
 
               
 
   
 
We now define the spin structure of the amplitude of Compton scattering on a 
particle with spin one, taking into account the contributions of the polarizabilities 
and gyrations on the basis of the Lagrangian (3), following [22] 
 
                 
                
               
                          (9) 
 
where М is the amplitude of Compton scattering, which is the sum of the 
contributions of the polarizabilities and gyrations in accordance with (4) and (5). 
As it was shown in [20], the contribution of     and       is determined by 
the sum of the amplitudes 
                                                       (10) 
 
Spin structure of       in (10) has the form: 
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In its turn, the structure of         is defined in the following way: 
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In equations (11) and (12) we introduce the notations: 
   
         
    
 
      
    
 
  
 
   
         
          
      
 
In its turn,     
    
 
 
        
   
         
 
 
               and     are the pulses of 
the initial and final particles of spin one. 
Ten-wave functions in the DKP formalism are represented with the help of 
the elements of the full matrix algebra     [25] 
 
          
          
 
 
     
              
  
In this ratio 
  
       
 
  
  
   
  
 
     
        
 
   
     
   
   
   
     
 
  
   
 are the components of the polarization vectors of the particle of spin one, and 
    are the elements of the full matrix algebra [25]: 
 
                          
          
    
 
for a particle of spin 1 indices        =      , the square brackets denote 
antisymmetry on indices   and  . 
Wave functions          conjugate         taking into account the matrix   
have the form: 
 
                  
 
  
     
   
    
 
  
            
   
      
   
    
where    
      
       
      
If we use the wave functions         and         , we can see that (11) and 
(12) are consistent with a low-energy representation of Compton scattering 
amplitude [9,20]. 
Taking into account the contributions of the spin polarizabilities        and 
       to the Lagrangian (3) in the DKP formalism, we get 
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                                           (14) 
 
In the system of the target’s rest in approximation when the recoil impulse of 
a particle is zero, these Lagrangians are defined as follows  
 
       4      
                                          (15) 
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                                            (16) 
 
We now define the spin structures of the amplitudes based on the 
contributions of spin polarizabilities                 which, according to [6], are 
bounded with the dipole and quadrupole moments of hadrons respectively. And 
also we take into account gyrations      : 
 
                                  
 
Using the summands of the Lagrangian (4) and (5)            
 
         
 
      , 
           
 
        and  
 
      , as well as the previous method for determining 
the contributions to the amplitude of Compton scattering of the polarizabilities, we 
get: 
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In the system of the target’s rest and in neglecting the recoil of the target’s particle, 
the amplitude (17) takes the form:  
 
                           
        
 
       
        
 
              
        
    
 
       
              .          (18) 
 
From (17) and (18) it follows that the spin polarizabilities     and     
contribute to the amplitude of Compton scattering of a particle of spin one in the 
third order on the photon energy and, at the same time, the conditions of crossing 
symmetry and parity conservation relative to space inversion are satisfied. 
Within the framework of the above approach, we now define a relativistic 
invariant lagaranghian and amplitude, which, as it has been shown in [6], consider 
the contribution of the spin polarizabilities related to electric quadrupole moment 
of hadrons. 
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Using the Lagrangian (19) S – matrix element we can  introduce as follows: 
 
    
               
               
   
 
In this ratio the amplitude has the form: 
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In the system of the target’s rest and in neglecting the recoil of the target’s 
particle, the Lagrangian (19) takes the form:  
 
                   
 
                                          (21) 
 
and the amplitude (20) looks as follows: 
 
              
            
                
 
                 
       
 
                     
 
       
              
    
 
              
              
    
 
                           (22) 
 
In equations (21) and (22)       
 
 and        are the vectors of the polarization of 
the final and initial particles, and       
 
 and         are the similar vectors of the 
photon polarization, tensor     
 
 
           . 
The effective Lagrangian of the two-photon interaction with a particle of spin 
1, taking into account the contribution of the spin polarizability associated with the 
magnetic quadrupole moment of hadrons [6], is defined in this approach as 
follows: 
         
    
  
                                                   (23) 
 
Using the Lagrangian (23), we obtain the amplitude of Compton scattering: 
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As follows from (23) and (24), in the system of the target’s rest and in 
neglecting the recoil impulse of the target, effective Lagrangian takes the form: 
 
                
 
                                            (25) 
 and the scattering amplitude is defined as follows: 
 
              
            
               
    
 
              
              
    
 
          
 
           
                
    
 
            
    
 
            
               
 
Tensor    in (23) has the form: 
    
 
 
                    
 
Using the above method of constructing covariant blocks of the effective 
Lagrangian we obtain the expression for Lagrangian taking into account the 
electric and magnet giratons respectively 
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In the non-relativistic approximation for the expressions (26-27) we have 
 
                                                               (28) 
 
                                                                (29) 
 
Сonsidering crossing symmetry and nonconservation of parity, we obtain the 
second summand of the amplitude, which is determined by the contributions of 
electric and magnetic gyrations [26]: 
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If in the equation (30) we use the approximation     , i.e. when the particle 
is at rest and we neglect its recoil impulse, then from (30) in this case it follows: 
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where            
    
 
                 
        
 
Tensor spin polarizabilities of the spin 1 particles 
 
We now define the relativistically invariant Lagrangian blocks that are 
associated with the spin tensor polarizabilities of the particle of spin 1. 
We construct at first the part of the Lagrangian, which is determined by the 
electromagnetic field tensor     and the covariant spin vector    
 
                                                                    (31) 
 
In the particle rest frame, and neglecting the the recoil impulse, we can use 
the transition 
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where the indices a, d take the values 1,2,3. 
Using expression (32) and the tensor     components we obtain   
 
                  
                                                         (33) 
 
In turn, the part of the Lagrangian, which is determined by dual 
electromagnetic tensors, has the form 
 
                                                                        (34) 
 
In the nonrelativistic approximation of expression (34) it follows: 
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The Compton scattering amplitude is obtained on the basis of the Lagrangian 
(31) and is defined as follows: 
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To get a piece of the Compton scattering amplitude, which follows from the 
Lagrangian (34), it is enough (36) to change    
   
  for     
   
, and to replace    
   
 by 
    
   
 
If we confine ourselves in (36) to the third order in the photon energy, the 
amplitude (36) takes the form: 
 
             
        
               
 
          
       
       
 
    
 
        
    
 
                     
       
           
where      
    
      
          
    
      
  
 
Lagrangians associated with parity violation can be determined using the 
expressions (31) and (34). Since the Lagrangian associated with the pseudoscalarity 
      can be represented as follows: 
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In the non-relativistic approximation, it has the form: 
                       
  .                                       (38) 
 
Similarly, the Lagrangian on the basis of (34) is determined  
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which in a non-relativistic limit can be represented as follows: 
 
                         .                                       (40) 
 
 
Conclusion 
 
In this paper is proposed the method of relativistic-invariant effective tensor 
representation of decomposition Lagrangian and the amplitudes of the two-photon 
interaction with hadrons on the photon energy. 
Within the framework of the formalism of the Duffin-Kemmer-Petiau on the 
basis of the method the authors have set the spin polarizabilities of the spin 1 
particles, which are characteristic for the hadron spin 1/2, as well as they have 
obtained the new spin polarizabilities for particles of spin 1 and associated with the 
presence of the tensor polarizabilities of these particles. 
It is shown that in the proposed covariant approach, taking into account cross-
symmetry, the laws of conservation of parity and the gauge invariance, certain spin 
polarizabilities and gyrations of the particle of spin one contribute to the expansion 
of the the Compton scattering amplitude, beginning with the relevant orders of the 
photon energy in accordance with the low-energy theorems for the process. 
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